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A HIGH-SPEED PARALLE 


for electronic digital computers 


Thy slaehaerae research at the National Bureau of 
Standards on the logical design of electronic com- 
puters has resulted a method for adding two 53- 
binary-digit numbers in 1 microsecond. When in- 
corporated into a computer's arithmetic unit, this adder 
will provide a significant saving in time over the cur- 
rently used parallel adders in solving long, complex 
scientific computation and data-processing problems. 

The high speed of the adder results from a logical 
arrangement that permits the simultaneous formation 
of large groups of “carries,” i. e., the numbers that 
are carried over to the next more significant digital 
positions in addition problems. The adder was de- 
veloped by A. Weinberger and J. L. Smith of the data 
processing systems laboratory. It can be constructed 
from electronic circuitry similar to that in SEAC, the 
National Bureau of Standards Electronic Automatic 
Computer. 

In the past, parallel adders have been burdened by 
the problem of carry propagation. If no carries were 
present, all the sum digits could be formed simultane- 
ously, in parallel. However, a situation may arise in 
which a carry in the least significant digit position pro- 
duces a carry in the next digit position, which in turn 
produces a carry in the third position, etc. The time 
required for a carry to propagate from the least to the 
most significant digit position in this manner is known 
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as the maximum carfy pmem—t=trs"tms 
time that has generally limited the speed of parallel 
adders. Previous efforts to reduce the carry propaga- 
tion time have been directed mainly towards devising 
means for rapidly transmitting a carry from one digit 
position to the next. 

In the Bureau’s method of addition, however, whole 
groups of adjacent carries are formed simultaneously 
and independently of each other. An analysis using 
Boolean algebra techniques shows that it is feasib le 
to generate all carries in a limited number of time 
periods. Specifically, for a 53-binary-digit adder, all 
52 carries are formed in only 
operation. 

The complete addition operation is performed in five 
steps, briefly described as follows: 

During the first step, each of the two operands 
to be added is made available in parallel, usually from 
a parallel memory because of its rapid access. 

2. During the second step, the four least significant 
carries, C, through C,, are generated in parallel from 
the four least significant digits of each operand. Be- 
cause the logical gating structure is restricted to a 
limited number of inputs, not more than four carries 
can be economically generated during this step. How- 
ever, the remaining digits of the operand generate an 
array of auxiliary carries at the same time the true 
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Block diagram of 53-binary-digit parallel adder for electronic digital computers. 


C, carries; S, sum digits. 
carries. 


clock is used, entire addition is accomplished in | psec. 


carries, C, through C,, are generated. These auxiliary 
carries are formed by examining groups of digits in 
the addend and augend, and permit the subsequent for- 
mation of true carries during later steps in the opera- 
tion. They are formed at certain selected digit posi- 
tions to check for many of the conditions prerequisite 
to the formation of actual carries. 

3. a the third _ the second and larger group 
of carries, C; through C.,, is generated in parallel by 
means of Si appropriate operand digits and auxiliary 
carries. 

Simultaneously, a second array of auxiliary carries 
is formed from the first array to aid in the subseque nt 
formation of the third and final group of carries. 

1. During the fourth step, the last and largest group 
of carries, C,, through C;., is generated in parallel by 
means of the appropriate operand digits and the aux- 


iliary carries. 
Finally, after all the actual carries, C, through 
C;.. are obtained, all the sum digits are formed in 


parallel during the fifth step in a conventional manner, 
each by means of the corresponding addend and augend 
digits together with the carry from the previous digit 
position. 

The parallel addition process can be demonstrated 
by first considering the usual method employed in 
adding two numbers. So far as carries are concerned, 
the operation of a conventional parallel adder is anal- 
ogous to the familiar pencil-and-paper method of add- 
ing two numbers together. In the following example. 
decimal digits are chosen for their familiarity (a com- 
puter may use only the binary digits, 0 and 1), and 


have been deliberately selected so that there will be 


of the carry 
propagation a conventional adder requires a separate 


maximum carry propagation. Because 
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A, Augend digits; B, addend digits: 


Auxiliary carries X, Y, Z, and W permit simultaneous formation of a large group of actual 
Entire addition is performed in five time periods or phases. 


If SEAC-type circuitry with a 5-phase 1-Me 


step to determine eile carry Ae each digit position. The 
step-by-step process would be 


1643 
0 
l One time period required 
| for each step. 
] 
l 
LO000 


Clearly, each column can be correctly summed in- 
dependently of the previous column once the carries 
have been determined. It is this step-by-step process. 
the propagation of carries down the line of digits, that 
requires so much time for the addition of a pair of 
numbers. If it were possible to determine all carries 
simultaneously, instead of one-by-one, the addition 
could clearly be performed in much less time. The 
method developed at the Bureau provides a simul- 
taneous determination of many carries. 
Many carries are generated at once by performing 
ahead of time a large portion of the switching for many 
digits to the left, so that during the succeeding time 
period only a relatively small amount of switching 
is necessary to form the actual carries. In the above 
problem, if all the carries were determined simultane- 
ously, the set of carries would be 11110. The zero 
in the right-hand column implies that there is no carry 
from a previous column. The simple addition would 
now be 


successive 
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Because the SEAC-type diode gating and logical cir- 

uitry impose a limitation on the number of digits that 
can be examined simultaneously, not all of the carries 
can be ascertained in a single step. Instead, the proc- 
ess is divided into three steps, and sets of auxiliary 
carries are formed together with a number of true 
However, all true carries can still be formed 
in 3/5 psec. It is the rapid formation of all the carries 
that gives the adder its high speed. When all the car- 
ries are formed, they are logically combined with the 
appropriate digits in the addend and augend, and the 
sum is obtained. As each column is now independent 
of the others. all columns can be added simultaneously 
and in parallel by the computer. 

The adder can be constructed from basic SEAC-type 
pulse repeater stages. The circuitry consists essentially 
of three levels of diode gates in an OR-AND-OR (mixer- 
coincidence-mixer } logical array followed by a trans- 
former-coupled pulse amplifie r. The rate at which suc- 


carries, 


cessive pulses pass through such a stage is determined 
by the 1-Me clock frequency. The transit time of a 
pulse through a stage, however, is much less than 
psec. For this reason, the clock pulses are made avail- 
able in several phases so that successive gating- ampli- 
fying units can be timed by clock pulses ‘of successive 
phases. With a five-phase clock, signals can be dis- 
patched sequentially through five sets of OR-AND-OR 
gating units in 1 psec. The five steps of the complete 
addition operation can therefore be performed during 
the five successive clock-phase periods occurring in 
] usec, 


For further technical details, see 
one-microsecond parallel adder using one-megacycle 
circuitry, Weinberger and J. L. Smith, accepted for 
publication in the Proceedings of the Western Joint 
Computer Conference of 1956, and A one-microsecond 
adder using one-megacycle circuitry, A. Weinberger and 
J. L. Smith, IRE, Transactions on Electronic Computers 
(in press). 
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American Standard Elevator Code Revised 


have \merican Standard Safety Code for Ele- 
ators. Dumbwaiters. and Escalators. 
jointly by the American Institute of Architects, the 
National Bureau of Standards. and the American So- 
ciety of Mechanical Engineers, is now available in the 
new 1955 revision. 


sponsored 


This code has been a source of 
information for States and cities in formulating their 
safety and building codes. As a result of improved 
elevator codes since the first edition of the Code in 
1922. the number of elevator accidents in the United 
States has shown a steady decline although the number 
of elevators has increased substantially. 

For more than three decades the Bureau has taken 
an active part in the preparation of this important 
standard. Through surveys of elevator landings 
equipped with interlocks. the Bureau developed and 
recommended test procedures to detect some of a 
weaknesses and causes of failure. As < 
result of research on hydraulic buffers. test spec fica 
tions on these safety devices were approved and i 
cluded in later revisions of the Code. More eee 
studies of automatic or operatorless elevators have led 
to the formulation of requirements and standards for 
safe electrical controls. 

The new edition of the elevator Code 
since 1937 and embodies 


commoner 


is the first 
much new. material as well 
as reorganization of some of the older material. A 
section on hydraulic elevators has been added. the 
section on escalators has been revised. and a set of 
rules governing repairs and alterations added. All 
engineering formulas. design data, and rules on inspec- 
tions and tests are now grouped together in separate 
The section on control has been revised and 
additional requirements covering automatic operation 
added. Capacity curves for passenger elevators have 
heen changed to prevent overloading of the car. and 


sections. 
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minimum allowable unit floor loadings for freight ele- 
vator cabs are included. Car-top platforms and 
bracket-mounted fans in the car are now forbidden. 
Electrical conduits in the hoistway. other than those 
that supply power to the elevator machine or to hoist- 
way lighting. are no longer permitted. 

Because the misuse of eme rgency keys for hoistway 
doors has resulted in many fatal and serious accidents, 
the new Code prohibits their use. In place of these 
keys. switches in the hallways at the top and bottom 
landings are now required. These switches permit 
the car to be moved for a limited distance at slow 
speed with the hoistway door open to give mechanics 
and inspectors access to the top of the car and to 
the pit. 

Increasing in popularity are private residence ele- 
vators; such cars are limited to a speed of 40 ft/min 
and a maximum load of 700 |b and are restricted to 
service in dwelling units occupied by one family only. 
The new Code does not require them to meet all of 
the rules for passenger elevators carrying the general 
public. For example, pits are not required because 
their installation usually demands major structural 
changes in the building: the elevator platform is de- 
signed to land directly on the lower floor. 

The new edition of the Elevator Safety Code is in- 
tended to be adopted by States and municipalities as 
their local elevator code, which may be part of their 
building code. It is also intended as a standard ref- 
erence for architects, engineers, casualty insurance com- 
panies, and manufacturers, and as a standard of prac- 
tice for owners and managers of structures wherever 
elevators are used. The 1955 revision is available 
from the American Society of Mechanical Engineers, 
29 West 39th Street. New York 18, N. Y. 


$3.50, paperbound, or $4.00 clothbound. 


Its cost is 
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HE BUREAU has developed a fast yet very accu- 

rate method for determining resin in glass fiber- 
polyester laminates where calcium carbonate is a filler. 
S. D. Toner of the plastics laboratory has demonstrated 
that the high, resin-decomposing temperatures em- 
ployed in the usual test cause calcium carbonate to de- 
compose and thus produce errors in the results. De- 
veloped for the Air Force, this test restores the de- 
composed calcium carbonate to the residue so that the 
resin content can be more precisely calculated. 

Glass fiber-reinforced laminates are being used to 
an increasing extent in molded parts for aircraft, auto- 
mobiles, refrigerators, and other products where plas- 
ticity, lightness, and strength are required. Plastic 
laminates have many pote sntial military and civilian ap- 
plications, but the feasibility and economy of applying 
these materials to production items depe nd to a large 
degree on good quality control and reliable design data. 
Although inexpensive calcium carbonate fillers may 
be use d advantageously in glass fiber-reinforced lami- 
nates, the strength properties of the laminates is a func- 
tion of the resin content. 

Normally, the resin content of a glass fiber-polyester 
laminate is determined by igniting the specimen at 565 

+27.5°C until the resin is vaporized and driven off. 
The difference in weight between the original specimen 
and the ignition residue is thus equal to the original 
resin content. However. calcium carbonate is known 
to dissociate into calcium oxide and carbon dioxide at 
temperatures above 525°C. Thus, if calcium carbon- 
ate is present in a laminate specimen, carbon dioxide 
is drawn off during the test, and ignition loss is actu- 
ally greater than the amount of resin in the spec imen. 

In “the Bureau method, the laminate specimen is first 
ignited until there are no further changes in weight. 
The ignition residue is treated with an excess of satu- 
rated ammonium carbonate solution, which reacts with 
calcium oxide to form calcium carbonate. The treated 
residue is then placed in a constant-temperature oven at 
80°C in order to decompose and remove any unreacted 
ammonium carbonate. After this treatment the igni- 
tion residue contains the same amount of calcium car- 
bonate as the original specimen, so that the resin con- 
tent can be calculated by difference. 

In the course of the investigation, the Bureau deter- 
mined the effect of ignition at high te mperatures on 
three control groups of plastic-laminate specimens in 
order to determine whether the suggested test modifica- 


Determination of Resin Content in Plastic Laminates 


tion would correct the source of error. The materials 
used were an unsaturated polyester resin, precipitated 
calcium carbonate filler, and unoriented glass fiber 
mat. The specimens were divided into three groups. 
Specimens in group A contained resin and glass fiber 
only; groups B and C contained resin, glass fiber, and 
calcium carbonate. The ingredients were weighed 
into a porcelain crucible on an analytical balance. The 
proportions chosen are convenient experimentally and 
similar to those used in commercial laminates. The 
specimens in group A contained equal parts of resin 
and glass fiber, by weight. Those in groups B and C 
contained 4 parts resin, 3 parts glass fiber, and 1 part 
filler, by weight. All specimens weighed 3 grams. 

\fter curing, the specimens were placed in a muffle 
furnace and ignited at 565°C for 114 hours. The ig- 
nition loss for the group A specimens was less than 51 
percent of the original specimen weight, but the losses 
in groups B and C were over 54 percent. These values 
were corrected for the volatile fiber finish on the glass 
fibers, previously determined on samples of glass mat. 
giving groups A, B, and C 50.01, 53.48, and 53.83 
percent corrected ignition loss values, respectively. 

The ignition residues of group B specimens were 
then treated with ammonium carbonate. as were those 
in control group A. The specimens from group A 
(which contained no calcium carbonate) showed little 
change in weight—less than one-tenth of a percent. 
But group B showed an increase of 3.4 percent. Con- 
trol group C containing filler was treated no further. 
The end weights of all three groups were then com- 
pared to the original weights of the specimens. The 
differences between resin contents as determined by 
test and the known original resin contents were — 0.05 
percent for group A, 0.01 percent for group B, and 
».79 percent for group C (table 1). 

The Bureau’s findings are evidence that dissociation 
of calcium carbonate is a source of error when the 
usual test for resin content is applied to glass fiber- 
polyester-caleium carbonate laminates. The  sug- 
vested test using ammonium carbonate quantitatively 
corrects the errors and is rapid and accurate. The 
reduction of error in resin-content tests from 3.5 to 
about 0.01 percent may prevent rejection of certain 
laminates otherwise meeting specifications. 


For further details, see Determination of resin content 
of glass fiber-polyester laminates containing a calcium 
carbonate filler, by S. D. Toner, Anal. Chem. (in press). 


TABLE 1 Resin content determination, average values * 
Cor “ j 2 ze 
me Oi aniston, Carbon Measured Original - os > oa nt 
Group Weig h ton \|Fiber finish waioht dioxide resin resin resin onten 
ignition = absorbed « content 4 content measured less 
= original 
vt! we | wt ¢ wt! ni we & sa 
SS ae WW). 76 0.75 50.01 0.07 10. 95 A. O09 —0. 05 
B (50.07 resin, 37.43 glass fiber, 12.50 CaCO 54.04 it 53. 48 3. 40 50. OS MO). O7 ol 
C (50.08 resin, 37.41 glass fiber, 12.51 CaCO 54. 39 56 53. 83 53. 83 50.08 3: 75 


* All values given are average for the group and are based on the original 
weights of the specimens 

b Loss of weight on ignition less fiber finish. Results obtained by normal 
method of determining resin content 
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Increase in residual weight after treatment with ammonium carbonate 
1 Corrected ignition weight loss less amount of carbon dioxide absorbed. 


VBS Technical News Bulletin 











in 


Determination of Minor Constituents of Zine Alloys 


\" ELECTROLYTIC procedure has been developed 
for precise determination of very small amounts 
of impurities in zine and zinc-base alloys. The pro- 
cedure does not require preliminary chemical separa- 
tions, is relatively fast, and requires little operative 
attention. It should also be useful for analysis of 
other metals as well as zinc, particularly nonferrous 
alloys. Developed by J. K. Taylor and S. W. Smith of 
the physical chemistry laboratory, the method makes 
use of electrolysis at controlled potential, a technique 
that is finding increasing use in selectively separating 
the metallic constituents of a solution." Unlike pre- 
vious methods, the procedure deposits the metals in 
a mercury cathode from which they are selectively re- 
moved by anodic dissolution for quantitative determi- 
nation. 

Zinc is one of the more important metals commer- 
cially: sheet metal products are galvanized with spelter 


5 Se CALOMEL ANODE 






Electrolysis cell with a mer- 
cury cathode at controlled 
potential used to analyze a 
zine alloy solution. Cell 
anode is a platinum gauze 
cylinder. Motor-driven stirrer 
minimizes  concentration- 
polarization effects at solu- 
tion-mercury interface. Po- 
tentiostat (left) automatically 
maintains cathode potential 
with respect to calomel refer- 
ence electrode (dipping into 
solution). Platinum contact 
(drawing) for the mercury 
cathode is as close as possible 
to the drain stopcock and 
thus maintains electrical con- 
nection until all of the mer- 
cury is drained. 


9 
CATHODE 


RESERVOIR 


(99 percent zinc); zinc-base diecasting alloys have 
the advantages of low cost and low melting point. Thus 
industry as ‘well as science is interested in the physical 
properties of zinc alloys. These properties are a func- 
tion of alloying and trace metals like copper, lead, tin, 
and cadmium. Generally, the presence and quantities 
of such metals in zine alloys are conveniently and ac- 
curately determined by polarographic analysis—a 
method based on interpretation of current-voltage 
curves obtained during electrolysis of an alloy solution. 
However, copper and zinc, when present in relatively 
large quantities, interfere and cause inaccuracies in the 
results. Conventional polarographic methods are lim- 
ited, even for alloys of very low copper content, when 
small amounts of other trace metals are to be deter- 
mined. In such cases, the a of the alloy to be 
tested is usually dissolved in a minimum volume of 
solvent so as to insure saint concentration of trace 
elements in the test solution. Although this procedure 
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increases the test sensitivity, the small volume of solvent 
used limits the size of the sample that can be tested. 

In the method developed by the Bureau, the sample 
is dissolved in an electrolyte and placed in an electro- 
lytic cell. A mercury-pool cathode in the base of 
the cell is connected through a stopcock to a mercury 
reservoir. The anode is a platinum gauze cylinder 
inserted at the top of the cell. The solution to be an- 
alyzed is electrolyzed at a potential that allows zinc to 
remain in the electrolyte but withdraws copper, tin, 
lead, and cadmium into the mercury pool. When elec- 
trolysis is complete, the residual zinc solution is dis- 
carded and replaced by a fresh electrolyte. Electrol- 
ysis is then resumed at a lower potential chosen to 
redissolve the trace elements, singly or collectively, 
from the mercury. The solutions obtained are then 
analyzed polarographically with no interference from 
zine, 





This method of separating the metal constituents by 
means of a mercury-pool cathode increases the sensi- 
tivity and precision of polarographic determinations 
and eliminates the difficulties of previous methods. 
The present method has been used to determine lead 
and cadmium in zine-base diecasting alloys to be used 
in NBS Standard Samples for spectrographic analysis. 
Lead and cadmium contents thus determined ranged 
from 0.0006 to 0.010 percent when copper contents 
were as much as 1.5 percent. The results obtained po- 
larographically are in excellent agreement with those 
obtained by cooperating laboratories using more elabo- 
rate methods. 


‘For further technical details. see Polarographic de- 
termination of lead and cadmium in zine-base alloys 
using electrolytic separations at controlled potential, 


by J. K. Taylor and S. W. Smith, J. Research NBS 
56, 301 (1956) RP2679 
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LOW-ENERGY 
ELECTRON 
SCATTER 


T HAS BEEN known since 1926 that when electrons 

of relatively low energy (less than 150 kev) strike 

a solid surface, some of the scattered electrons lose en- 
ergy in small amounts that are characteristic of the 
solid. The same result, a kind of line spectrum of 
energy loss distribution, is obtained when the electrons 
are scattered by passage through thin layers of a solid. 
Although a number of investigations of the effect have 
been reported in the last quarter-century, considerable 
uncertainty remains in regard to both the expe rimental 
findings and their theoretical inte rpretation. Much 
greater attention, in fact, has been directed to the scat- 
tering of high-energy electrons, with interest centered 
on interactions with nuclei. 

Seeking a better understanding of low-energy scat- 
tering. the National Bureau of Standards has been con- 
ducting a systematic exploration of this phenomenon.’ 
The program, now in its fifth year, has been directed 
by L. Marton, chief of the electron physics pore igs % 
L. B. Leder, T. F. McCraw, H. Mendlowitz, and J. 
Simpson have conducted much of the research: on 
more recently. U. Fano, chief of the nuclear os 
laboratory, has contributed theoretical analyses. The 
program is supported by the Office of Naval ine search, 
the Atomic Energy Commission, and the Bureau. 

Using electron beams in the range, 0 to 150 key, 
the Bureau experiments have concentrated on the scat- 
tering losses below 100 ev due to single inelastic col- 
lisions. Multiple collisions may be avoided almost 
completely by using sufficiently thin scattering speci- 
mens. So far, there has been progress in several di- 
rections: Experimental technique and instrument de- 
sign have been improved, data have been obtained on 
a great many scattering materials, and a number of 
theoretical studies have been made. 

Systematic study of electron scatte ring ise xpecte “d 
to provide information needed in many other fields. 
First of all, it should throw light on many problems 
in solid-state physics. The well-known applications 
of solid-state a ite s to semiconductors and transistors 
were achieve d with only a minimum experimental basis. 
Thus the results of electron scattering studies should 
not only strengthen solid-state theory but may well add 
considerably to its practical potential. 

Perhaps equally important is the application of scat- 
tering data to the study of radiation effects. This is of 
as much interest in medicine and biophysics as it is in 
Most radiation, such as X-rays. 
does not act directly, but rather by way of the electrons 
Hence, when the action of the in- 


fundamental physics. 


released in matter. 
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dividual -electron in a single collision is more ade- 
quately known, a better picture can be formed of the 
total effect of the radiation under investigation. 

The study also bears directly on problems in elec- 
tron optics. In the electron microscope, for exam- 
ple, the primary process of image formation is the 
scattering of electrons in the specimen. _ If this process 
introduces differences in the velocities of the electrons. 
“chromatic” aberration results. This problem served 
as the impetus for the Bureau's program of quantitative 
studies of scattering. Still another phenomenon that 
may be clarified by electron scattering studies is sec- 
ondary electron emission, which is essential to the op- 
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Diagram (left) shows method of electron velocity analysis 
used in “narrow-angle” instrument for studying electrons 
scattered by passage through thin layers of solid. Elec- 


a tron gun directs an electron beam toward the scattering 


solid. Electrons scattered in a small angle about the 
forward direction of beam pass through a slit just above 
an electrostatic “cylindrical” lens. The slit is deliber- 
ately located off the optical axis in order to increase 
chromatic aberration of the lens. As a result, electrons 
passing through the slit are spread out into a spectrum 
that corresponds to electron velocity distribution. It has 
been found that this distribution is characteristic of the 
scattering solid. In actual instrument (right), only a 
small part of the spectrum falls on a fluorescent de- 
tector, and the spectrum is swept over the detector by 
changing the analyzer lens potential. Light from the 
fluorescent detector is carried by quartz pipe to a photo- 
multiplier whose output is recorded graphically by the 
instrument at the right of the observer. 


eration of many types of vacuum tubes. Here the new 
data may add much to the interpretation of observed 
effects and development of better instrumentation. 


instrumentation 


Two principal instruments have been used in the 
Bureau experiments. and a third has just been con- 
structed. 
Based on the method of velocity analysis introduced in 
1949 by G. Mollenstedt. it has an energy resolution of 
1 part in 30,000 and is used to study electrons scat- 
tered within a small angle (10% 


The first resembles an electron microscope. 


st 


steradian) about the 
primary beam direction. 

In the original design. an electron gun sends the 
primary beam down towards a thin film of specimen, 
Passing through, the scattered electrons are focused by 
an electrostatic objective lens into an image on an 
opaque screen. A slit in the screen allows part of 
the image to be magnified by a cylindrical lens, the 
analyzer. If the electrons all had one velocity. or the 
analyzer were free of chromatic aberration. a single im- 
age of the slit would be formed. However, if the slit 
is moved away from the optical axis, the chromatic 
aberration will be greatly increased. The result is a 
spectrum, with separate images of the slit correspond- 
ing to the different velocities of the electrons. The 
spectrum falls on a photographic plate and a micro- 





Instrument for studying electrons scattered by thin films of solid 
ittall angles up to 150° with primary electron beam. Seattering 
ukes place within cylindrical chamber (left). Electron gun, 
projecting into chamber at left, and specimen are kept fixed, 
‘hile a magnetic velocity analyzer and fluorescent detector rotate 
tout chamber axis. Large hoops are Helmholtz coils for 
vutralizing terrestrial and stray magnetic fields. Drawing 
hows electron trajectory with relative placement of principal 
tements in the scattering instrument. 
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densitometer is used to determine the energy distribu- 
tion. 

In the Bureau's version of this instrument, two major 
improvements were made. It was found, first, that 
the precision of intensity measurements could be in- 
creased by replacing the photographic plate with an- 
other kind of detector. This is a fluorescent layer con- 
nected by a light pipe to a photomultiplier. As only 
a narrow segment of the spectrum may reach the de- 
tector at one time, energy scan is produced by varying 
the analyzer lens pote ntial and recording simultane- 
ously the output of the photomultiplier. The other 
change eliminates errors due to chromatic aberration 
in the objective lens by inverting the positions of ob- 
jective lens and specimen. With this arrangement, the 
objective is not used during actual scattering experi- 
ments. It is often convenient. however. to be able to 
examine an enlarged image of the specimen. To do 
this. the objective is switched on and a highly reduced 
image of the electron source is formed just above the 
specimen. This image, in turn, projects an enlarged 
shadow image of the specimen on the slit plane. 

In this and in the other electron-optical instruments 
designed by the Bureau, an effort is made to use a 
fixed. well-determined value for the solid angle sub- 
tended by the analyzer entrance. A survey of pre- 
vious work in the field showed that this angle was 
often defined either poorly or not at all. As Bureau 
studies indicate that the angular distributions for elasti- 
with zero loss) and inelastically scattered 






cally (i. e.. 
electrons are quite different, it is clear that investigators 
using different acceptance angles will obtain different 
relative intensities and spectral line shapes for the two 
kinds of electrons. 





A second instrument was designed by Bureau scien- 
tists in order to investigate scattering at angles up to 
150° from the forward direction of the primary beam. 
Though having a resolution of only 1 part in 2,000, 
it is adequate for many purposes. In particular, it 
made possible the first extensive study of the angular 
distribution of scattered electrons and gave informa- 
tion about the relation between angle and relative in- 
tensities of energy spectrum lines. Measurements with 
this instrument on a single specimen are conveniently 
summarized in a cartographic plot (fig. 3). In this 
representation, angle is the abscissa and energy loss in 
electron volts is the ordinate. The third coordinate, 
intensity, is shown by contour lines of equal intensity. 
Use of a quasi-logarithmic sequence of contours per- 
mits compact coverage of an intensity range of 4 to 
6,000. 

In the large-angle instrument, scattering occurs in- 
side a cylindrical vacuum chamber 36 cm in diameter 
and 18.5 cm high. The specimen is inserted through 
a port in the top and can be manipulated from the 
outside. It can also be electrically heated to reduce 


the rate of specimen contamination to a low level. An 
electron gun projects radially into the chamber, point- 





ing towards the specimen. Scattered electrons enter a 
slit in a magnetic analyzer. are deflected into a semi- 
circular path by a magnetic field, and leave through 
another slit in the analyze ‘+r. The emerging electrons 
move back towards the axis of the chambe *r, their di- 
rections nearly reversed by the analyzer. 

Only electrons entering the analyzer with energy 
falling within a certain narrow range will reach the 
exit slit. Those with higher energy, for example, will 
be deflected along a less curved path, and so will be 
stopped by the analyzer wall; by increasing the mag- 
netic field intensity these higher-energy electrons may 
be made to pass through the slit instead of those that 
did so before. Thus energy scan is obtained by vary- 
ing the magnetic field. 

From the analyzer the electrons proceed towards the 
detector, which again is a fluorescent layer, and light 
generated in the layer by electron impact is guided 
by a quartz light pipe to a photomultiplier just below 
the chamber. The analyzer and detector are mounted 
on a turntable that rotates about the chamber axis. 
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Once the instrument is put into operation, with the 
analyzer set at a given angle with the primary beam, 
an energy loss spectrum is automatically recorded. 
The turntable then shifts by 0.00058 radian and the 
same cycle is repeated every 2 sec until the maximum 
angle is reached. 

The two instruments described have yielded and are 
yielding important data. Nevertheless, greater resolu- 
tion is required if, for example, the suspected fine 
structure of scattering loss spectra is to be detected. 
The relatively undeveloped state of the technique is 
suggested by the resolution of 1 part in 100,000,000 
attained in light spectroscopy. By contrast, the best 
electron spectrometers in use at the present time can 
probably not exceed 1 part in 70,000. A very promis- 
ing approach to higher resolution, Bureau studies indi- 
cate, is the use of a decelerating field preceding a mag- 
netic analyzer. An instrument of this kind has there- 
fore been constructed and preliminary trials of its 
operation are under way. 

In this instrument, a Siegbahn-type magnetic ana- 
lyzer is used which, by itself, provides a resolution of 
I part in 1,000. However, if scattered electrons with 
an average energy of, say, 50 kev, can first be decel- 


New instrument for studying energy 
distribution of electrons scattered 
by thin solid films. Just completed, 
it is expected to show a marked 
improvement in resolving power 
over older instruments (seen from 
above). 


erated to an average of 100 ev without distorting the 
energy profile, an over-all resolution of 1 part in 
500,000 can be obtained. Also, once the electrons leave 
the analyzer, they may be accelerated to the extent 
needed to give a strong indication on the detector. 


some quantitative results 


\ great many substances, elementary and compound, 
have been measured with the modified Mollenstedt 
instrument. Generally, substances that could be pre- 
pared in the form of a self-supporting foil were in- 
vestigated as such. 
were used. 

For the alkali metals, the Bureau’s values are the 
only ones available. They were taken by distilling a 
thin layer of the metal onto a supporting film (col- 
lodion or SiO.) in the vacuum of the scattering instru- 


Otherwise, supporting substrates 


ment. The vacuum was not very high—of the order 
of 27 10° mm of mereury—but high enough to pre- 


vent rapid oxidation of the metal. 
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The results here are complicated by the fact that the 
-pectra of the supports are superposed on those of the 
-ubstance under study. Also, it is not always possible 
imply to deduct the substrate lines. Strangely enough, 
the substrate spectrum seems to be modified when 
certain metals are applied to it. Whether this may be 

xplained by diffusion of metal into the substrate re- 
mains to be shown. 

Attention was next given to compounds. A num- 
ber of simple compounds were measured that show 
the same type of spectrum for both element and com- 
pound, except that the whole spectrum is shifted to- 
wards higher energy values for the compound. Table 
| summarizes some of these results: it lists energy 
losses (AE) corresponding to two or three loss- 
spectrum lines. A similar shift had been noted in the 
case of X-ray absorption limits, and several explana- 
tions were proposed. K. Das Gupta attempted to re- 
late shifts in the spectra of the components of a com- 
pound with the heat of formation. On applying Das 
Gupta’s formula to the case of electron losses, it was 
found to give the correct order of magnitude and di- 
rection of shift, but not much more. The best agree- 
ment between calculated and observed values was ob- 
tained with the lowest values of AE for the sulfides 
and with the highest values of AE for the oxides. 

In experiments with the large-angle instrument, most 
attention was given to gold. For some of these ex- 
periments a film of the substance, 100 A thick, was 
prepared in the form of a single crystal. As the en- 
ergy resolution of this instrument is not as good as that 
of the small-angle instrument, the characteristic en- 
ergy loss for gold (24 ev) is barely indicated at zero 
angle by a slight asymmetry in the energy spectrum 
(fig. 2). At an angle of 0.0058 radian with the pri- 
mary beam, however, almost all the intensity appears 
at 24 ev. At still larger angles, for instance at 0.04 
radian, the intensity distribution has two peaks, one 
for the elastic event and the other for the inelastic one. 
If intensities are plotted against angle for both zero- 
loss and 24 ev-loss electrons (fig. 1), it is again seen 
that the probability for the elastic event is much larger 
than for the 24-ev inelastic one at zero angle. The 
ratio changes very rapidly, however, and at 0.005 
radian the two curves cross over. Then the intensity 
of the characteristic loss exceeds that of the elastic event 
until the curves cross again at around 0.042 radian, 
just before a diffraction maximum. As might be ex- 
pected, zero-loss electrons predominate at that angle. 
There is also an increase in the number of inelastically 
scattered electrons due to double collisions. The carto- 
graphic plot (fig. 3) provides still another representa- 
tion of these results. 

After gold had been studied, to some extent, as rep- 
resentative of the heavy elements, attention was turned 
to the beginning of the periodic system. In the case of 
beryllium, the most surprising feature of the scattering 
distribution is that the inelastic cross section is rather 
high at the diffraction maxima. Also, for reasons not 
vet clear, it is not the first and most intense character- 
istic line of Be at 20 ev that appears in the diffraction 


processes, but a higher energy loss. Aluminum, on 
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Above: Angular distribution of elastic (zero-loss) and 
characteristic loss intensities for single-crystal gold ob- 
tained with the wide-angle analyzer. Below: Energy 
distributions of electrons scattered at several fixed angles 
by a single-crystal gold film, as measured by wide-angle 
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the other hand, shows a very well marked centering of 
the most important diffraction maximum on the zero 
loss line. (The Al data are also interesting because of 
the very steep decline in intensity close to the zero 
angle. with a thousand-to-one drop within an angle of 
6,002 radian. ) 


comparisons with theory 


In addition to obtaining new data on electron scatter- 
ing. Bureau scientists have examined the bearing of 
these results (and those obtained elsewhere) on the 
various theories that have been proposed. It is be- 
lieved that some advances have been made in clarifying 
the problem and in working out partial solutions. 
Pending closer comparison with the most recent results 
of other laboratories. these must be regarded as tenta- 
tive. 

Among the theories considered is the so-called 
plasma theory of Bohm and Pines. which has had con- 
siderable success in solid-state physics. In its first 
version. the conduction electrons of a metal are treated 
as a Fermi gas which is embedded in a smeared-out 
medium of fixed positive charge and is excited to col- 
lective oscillation by incoming electrons. The theory 
has the virtue of simplicity. is easy to compare with ex- 
periment. and has suggested directions of further re- 
search. Nevertheless. it meets with serious difficulties. 
and these have not yielded to any of the simpler modifi- 


cations of the theory that seem possib le. For example. 


it predicts only a single energy loss, but more than one 


is the general rule. As long as these losses are integral 
multiples of a single value, multiple collisions could 
be invoked if the theory could properly explain the 
minimum. loss. 
not multiples of a single value. 

Another serious drawback is that the collective oscil- 
lation description cannot account for lines observed in 
insulators and in metal compounds. 
been made to apply some of the methods of the collec- 
tive oscillation description to nonconducting media. 
using an essentially semiclassical treatment of the di- 
electric. The outlook becomes more promising. how- 
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Yet in many cases the loss lines are 


Attempts have 





Cartographic presentation of data obtained with large- 
angle scattering analyzer, showing angular and intensity 
distribution of electrons scattered by a thin crystal of 
gold. Contours represent points of equal intensity. 
Note that the change in intensity from one contour to 
the next is not a fixed amount, but varies in accordance 
with the quasi-logarithmic scale shown just left of the 
graph. (Drawing courtesy Academic Press.) 


ever. when a quantum-mec ‘hanical analysis of the 
dielectric constant is made. On the basis of this analy- 
sis. the plasma theory can be considered a special case 
ofa broader problem. It is then possible, by employ- 
ing the quantum-mechanical treatment as a guide, to 
utilize the semiclassical formula in connection with ex- 
periment to obtain needed information on oscillator 
strengths. 

\nother approach to the problem of electron scatter- 
ing losses is to compare them with X-ray absorption 
spectra. The K-. L-, and other absorption edges are 
known to shift when an element is replaced by a com- 
pound of that element. The work of Das Gupta in this 
connection has been mentioned above. It is more or 
less reasonable, therefore. to try to correlate the fine 
structure of these absorption edges. as well as the fine 
structures observed at the short wavelength limits. 
with the characteristic energy losses. A number of 
attempts in this direction had already been made. At 
the Bureau, a comparison of this sort was made for 
the nearly 20 elements and compounds for which the 
two kinds of data were available. using roughly aver- 
aged values for characteristic losses obtained in dif- 
ferent laboratories. A high degree of agreement was 
found. 

The search for a physical basis for this result led 
back to the first attempts to explain electron charac- 
tristic losses made by Rudberg. Slater, and Haworth 
20 years ago. In that interpretation, the observed 
energy losses are supposed to be caused by excitation 
of conduction electrons to higher energy levels. These 
levels are not those of the individeal atoms. but are 
associated with the crystal structure of the solid. This 
theory is thus another sort of “collective” explanation. 
hut one that takes the specific crystal structure into ac- 
count. It was used by Slater and Haworth to estimate 
an energy distribution curve for copper, but only a 
rather limited agreement with measurements was found. 

Subseque ntly. it appeared that experimental difficul- 
ties were largely responsible for the latter result. With 
better techniques. measured and calculated values 
moved steadily closer. On reconsidering the explana- 
tion advanced by Rudberg. Slater. and Heweith } in the 
light of the comparison i X-ray and electron data, it 
was necessary to assume that the characteristic losses. 
in many cases at least. represent an interband transi- 
tion from the “Fermi sea” to the bands above. This 
is easily acceptable wherever the width of the charac- 
teristic line is comparable to that of the Fermi sea. 
Transitions may then be assumed to take place any- 
where within that band. When the observed line is 
sharper than the width of the Fermi sea, as for Al 
and possibly also Be and Mg, the loss may be ascribed 
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o the excitation of collective oscillations in the elec- 
ron plasma. The quantum-mechanical treatment 
mentioned above indicates that for these elements the 
plasma interaction should be very strong. 

\n alternative explanation for the case of narrow 
lines has recently been suggested by T. H. Berlin of 
Johns Hopkins University. As the momentum change 
in these phenomena is small. it may be assumed that 
only those transitions are allowed that have small an- 
gular momentum changes. e. g.. L=0.1. By expressing 
the distribution function of the Fermi sea in terms of 
angular momentum about the direction of the inci- 
dent electrons, it may be possible to find a well defined 
stratum giv ing rise toa sharp transition line. At pres- 
ent. however, much more work, both experimental and 
theoretical. is needed to decide the issue. 


plans for further research 


Current plans call for continuation and extension of 
the electron-scattering studies. One important project 
for which preparations have been made is the study 
of scattering by metallic vapors. If the energy loss 
spectrum of a metallic vapor is the same as that of the 
solid metal, this would indicate that the collision proc- 
ess involves individual atoms of the scatterer. If the 
spectra are different, support would be obtained for 
theories that assume interaction between the electron 
and the scattering atoms as a collective whole. Modi- 
fications of the small-angle instrument have already 
been made for this purpose. 

It is hoped shortly to apply the predeceleration in- 
strument to a reexamination of the solid films already 
measured with other instruments as well as to the study 
of additional solids. Large-angle scattering measure- 
ments will continue on a greater number of substances 


as guided by theoretical results. Meanwhile. theoreti- 
cal investigations of energy-loss phe nomena will be 
conducted in parallel with the e xperimental activities. 


TaBLe 1, Comparison of characteristic energy losses 
(AE) in elements and compounds as measured in 
electron-scattering cxrperiments 


Subscripts indicate different loss-spectrum lines 


Energy loss (ev 


Material 

AF, AF; Al 
Ss 18 16.9 
SiO 5.4 1.4 
re $f 16.0 
PeOQ: 9.5 17 
Pb 5.1 12. 1 21.8 
Pbs 6.8 14.7 21.9 
Sb 1.5 14.9 10.6 
Shes 6.3 18.0 5.4 


*For further technical details, see Energy loss of 
electrons in passage through thin films, by L. Marton and 
L. B. Leder, Phys. Rev. 94, 203 (Jan. 1954); Effect of 
chemical combination on the characteristic energy loss of 
electrons, by L. B. Leder and L. Marton, Phys. Rev. 95, 
1345 (Sept 1954); Distribution of electrons scattered by 
gold, by L. Marton, J. A. Simpson, and T. F. McCraw, 
Phys. Rev. 99, 495 (July 1955); Automatic instrument 
for electron scattering measurements, by L. Marton, J. A 
Simpson, and T. F. McCraw, Rev. Sci. Instr. 26, 855 (Sept. 
1955); Comparison of the characteristic energy losses of 
electrons with the fine structure of the X-ray absorption 
spectra, by L. B. Leder, H. Mendlowitz, and L. Marton, 
Phys. Rev. 101, 1460 (Mar. 1956). Electron scattering 
studies at the Bureau and at other laboratories are re- 
viewed by L. Marton, L. B. Leder, and H. Mendlowitz in 
Advances in electronics and electron physics, Vol. VII, 
edited by L. Marton, pp. 183-238 ( Academic Press, 1955). 
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Journal of Research of the National Bureau of Standards, vol- 
ume 56, No. 5, May 1956 (RP2672 to RP2679, incl.). An- 
nual subscription $4.00. 

Technical News Bulletin, volume 40, No. 5, May 1956. 10 
cents. Annual subscription $1.00. 

Basic Radio Propagation Predictions for August 1956. 
months in advance. CRPL 141. 
cents. Annual subscription $1.00. 
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Research Papers 


Journal of Research, volume 56, No. 5, May 1956. Single cop- 
ies of the Journal vary in price. Single copies of Research 
Papers appearing in the Journal are not available for sale. 
The Superintendent of Documents, U. S. Government Print- 
ing Office, Washington 25, D. C., will reprint 100 or more 
copies of a Research Paper. Request for the purchase price 
should be mailed promptly to that office. 

RP2672. Characteristics of an image-forming system. Ro- 
land V. Shack. 

RP2673. Advances in the design and application of the radio- 
frequency permeameter. Alvin L. Rasmussen, Albert W. 
Enfield, and Alfred Hess. 

RP2674. A new computer for calculating the water content 
of gases. A. W. Diniak and E. R. Weaver. 

RP2675. Vibrational constants of acetylene-d:. 


Allen, Jr.. L. R. Blaine, and Earle K. Plyler. 


Harry C, 


June 1956 


RP2676. Heat capacity of polyisobutylene from 0° to 
George T. Furukawa and Martin L. Reilly. 

RP2677. Preparation of barium titanyl oxalate tetrahydrate 
for conversion to barium titanate of high purity. W. Stan- 
ley Clabaugh, Edward M. Swiggard, and Raleigh Gilchrist. 

RP2678. A five-band recording spectroradiometer. C. S. Me- 
Camy. 

RP2679. Polarographic determination of lead and cadmium in 
zine-base alloys, using electrolytic separations at controlled 
potential. John K. Taylor and Stanley W. Smith. 


380°K. 


Circulars 
C566. Bibliography of solid adsorbents. 
C571. Electron physies tables.  L. 
G. Hall. 50 cents. 


Victor Deitz. $8.75. 
Marton, C. Marton, and 


Building Materials and Structures Reports 


BMS145. Fire effects and fire controls in nitrocellulose photo- 
graphic-film storage. J. V. Ryan, J. W. Cummings, and A. C. 
Hutton. 20 cents. 


Publications in Other Journals 


Measurements on the saturation vapour pressure of liquid 
helium in the range 1.4° K-4.2° K. E. Ambler and R. P. 
Hudson. Bul. Inter. Inst. Refrig. (177 Blvd. Malesherbes, 
Paris (17e) France) Commun. 147, 605 (Sept. 2-8, 1955). 
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High-speed machine computation of ideal gas thermodynamic 
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man. J. Chem. Phys. (57 E. 55th St., New York 22, N. Y.) 
23, No. 5, 869 (1955). 

Electron affinity of atomic oxygen. Lewis M. Branscomb and 
Stephen J. Smith. Phys. Rev. (57 E. 55th St., New York 22, 
N. Y.) 98, No. 4, 1127 (1955). 

Experimental cross section for photodetachment of electrons 
from H° and D~. Lewis M. Branscomb and Stephen J. Smith. 
Phys. Rev. (57 E. 55th St., New York 22, N. Y.) 98, No. 4, 
1028 (1955). 

Cycle strain tester for leather. T. J. Kilduff and J. R. Kanagy. 
J. Am. Leather Chemists’ Assoc. (Univ. of Cincinnati, Cin- 
cinnati 21, Ohio) 50, No. 10, 489 (1955). 

Magnetic cooling. E. Ambler and R. P. Hudson. Proc. Phys. 
Soc. (London) (1 Lowther Gardens, Prince Consort Rd., 
London SW7, England) 18, 251 (1955). 

Thermodynamics of crystallization in high polymers: gutta 
percha. L. Mandelkern, F. A. Quinn, Jr., and D. E. Roberts. 
J. Am. Chem. Soc. (1155 16th St., N. W., Washington 6, 
D. C.) 78, 926-932 (1956). 

Prevention of microbiological deterioration of leather. Sverre 
Dahl. J. Am. Leather Chemists’ Assoc. (Dept. of Leather 
Research, Univ. of Cincinnati, Cincinnati 21, Ohio) 51, No. 
3, 104-108 (Mar. 1956). 

Laboratory and field exposure studies of leather fungicides. 
Sverre Dahl and Arthur M. Kaplan. J. Am. Leather 
Chemists’ Assoc. (Dept. of Leather Research, Univ. of Cin- 
cinnati, Cincinnati 21, Ohio) 51, No. 3, 119-136 (Mar. 
1956). 

Observations of distant meteor-trail echoes followed by ground 
scatter. W. L. Hartsfield. J. Geophys. Research (The 
Johns Hopkins Press, Baltimore 18, Md.) 60, No. 1, 53-56 
(Mar. 1955). 
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